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摘 要 通过恒电位极化、电化学阻抗 (EIS) 和动电位扫描曲线，跟踪监测了TA2纯Ti在人工海水溶液中的电化
学钝化与特定电位的活化过程，研究了不同海水成分对该过程的影响。结果表明，在1.6 V (SCE) 附近出现电
流峰，有一定的活化过程。结合SEM和析氧监测结果对电流峰进行了分析，显示1.4~1.6 V (SCE) 电位范围内
形成的膜层会出现明显缺陷，并且TA2表面没有气泡冒出。Mott−Schottky拟合结果显示，在出现电流峰的电
位区间，钛表面膜的半导体性质发生了转变。
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ABSTRACT As one of the most corrosion resistant metallic material, Ti or its alloy may find a variety of
applications in the marine industry. It is important to understand the passivation mechanism of Ti in sea-
water. In this paper, the activation process of a passivated pure titanium TA2 in artificial seawater was in-
vestigated by means of potentiostat polarization, potentiodynamic polarization and electrochemical im-
pedance spectroscopy (EIS). The influence of seawater composition on the activation behavior was also
studied. The result showed that the activation occurred around 1.6 V (SCE). Scanning electron micro-
scope (SEM) and oxygen evolution monitoring indicated that obvious defects emerged on the surface of
TA2 but no bubble was detected by applied potentials in the range of 1.4~1.6 V (SCE). According to Mott−
Schottky analysis of the passivated and activated TA2 surface, the activation might be attributed to a tran-
sition of the semiconducting performance of the surface film on TA2.












































































风机吹干。将样品放入 30% (质量分数) 硝酸溶液




































1.2.3 表面形貌观察 将 TA2纯钛试样用金
相砂纸打磨至 3000#，然后用抛光液 (270 mL SiO2悬
浊液 (60 nm粒径)+30 mL双氧水 (30%，质量分数)+

































































另外，图 1显示，与空白对照组 (NaCl) 相比，微





Fig.1 Potentiodynamic polarization curves of TA2 in artif-


































1.4 V恒电位极化下的阻抗圆弧半径 (图 4) 和
图2 TA2纯Ti在人工海水中不同恒电位下极化不同时间后的析氧照片
Fig.2 Oxygen evolution images of TA2 polarized at 2.3 V for 1 h (a) and at 2.3 V (b), 2.5 V (c) and 3.2 V
(d) for 2 h in artificial seawater
图3 TA2纯Ti在人工海水中不同恒电位下极化2 h后的
监测电流密度
Fig.3 Last monitoring current density of TA2 polarized at























测的结果。从表面形貌 (图 6) 来看，试样表面破坏
十分微小。将样品进行抛光的目的是为了能更清晰
图6 TA2抛光样品在人工海水中不同恒电位下极化 2 h
的SEM像
Fig.6 SEM images of polished TA2 samples polarized at




Fig.4 General Nyquist plots (a) and partial enlarged draw-
ings (b) of TA2 polarized in artificial seawater at
different polarization potentials for 5 h
图5 TA2在人工海水中经过5 h极化后的等效电路图和
电化学阻抗拟合值
Fig.5 Equivalent circuit and Rp values obtained by fitting
























C-2SC = 2[E–EFB–kT/q] /εε0qND (2)
式中，ND是载流子密度；ε是TiO2的介电常数 (取值
56[12])；ε0是真空介电常数 (8.85×10
-14 F · cm-1)；EFB是
半导体的平带电位；k 是 Boltzmann 常数 (k=1.38×





3.006×1020 个/cm-3，而在 1.8~3.2 V电位范围内生成
的氧化膜内则为0.481×1020 个/cm-3。
拟合得到的C -2~E直线斜率为正，氧化膜表现











































图 7 依据 Mott−Schottky 模型在 0.1~1.4 V 和 1.8~3.2 V
范围内对EIS线性拟合结果 (三角形数据点不参与
拟合)
Fig.7 Linear fitting results of EIS based on Mott-Schottky
model in the potential ranges of 0.1~1.4 V and 1.8~
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